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Asymmetrical amineAbstract A new tripodal amine, 3-((4-aminobutyl)(pyridin-2-ylmethyl)amino)propan-1-ol (HL)
has been prepared. This has been used to synthesize a new Schiff base complex by template conden-
sation with 2-hydroxy-3-methoxybenzaldehyde in the presence of Zn(II) metal ion in methanol. The
complex has been characterized using spectroscopic methods and the crystal structure of [ZnL]BF4,
L:3-((4-aminobutyl)(pyridin-2-ylmethyl)amino)propan-1-ol was confirmed by single crystal X-ray
diffraction studies. Single crystal X-ray structure analysis showed that in the mononuclear Zn(II)
complex, [ZnL]BF4 the Zn(II) ion is in a distorted square pyramidal environment.
 2015 King Saud University. Production and hosting by Elsevier B.V. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Complexes of metals with Schiff bases have been investigated
extensively for many years because the complexes are impor-tant in chemistry and have many applications [1–5]. These
complexes have an important contribution to make in the
development of catalysis [6,7], magnetism [8], molecular archi-
tectures [9,10] and materials chemistry [11]. Zinc is the second
most abundant trace metal in the human body and plays an
important role in many biological systems [12,13]. The Zn(II)
ion has a very flexible and adaptable coordination sphere,
but it is found with a coordination number of four or five in
most of the structurally characterized enzymes. Because of
this, most modeling studies have concentrated on tetradentate
and pentadentate complexes. Instead the investigation on che-
late complexes where Zn(II) presents a higher coordinationed from
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Figure 1 Synthesis of the branched tetradentate amine.
2 M. Rezaeivalanumber has received less attention [14]. The chemistry of Schiff
base ligands and their metal complexes has expanded
enormously and encompasses a vast area of organometallic
compounds and various aspects of bioinorganic chemistry
[15]. Schiff base ligands and their complexes have various
applications such as catalytic applications [16–18], antibacte-
rial effects [19] and as chemosensors [20–22]. In the previous
work, we have reported the synthesis of two new asymmetrical
triamines. Reaction of two amines with salicylaldehyde and its
analogs gave a wide selection of compounds with which to
probe the effects of strain in the resulting cadmium (II) and
nickel (II) Schiff base complexes [23]. When the shorter ethy-
lene linker was used between the tertiary and primary amine
nitrogen atoms, a mononuclear Schiff base complex was struc-
turally characterized in the case of a nickel complex whereas
with the more flexible analogs with a propylene linker struc-
tural determinations revealed that binuclear complexes were
generated [23]. In this work, we report the synthesis of a new
tripodal triamine with one hydroxyl group (Fig. 1). By the
reaction of amine and 2-hydroxy-3-methoxybenzaldehyde, in
the presence of Zn(II) metal ion, a new mononuclear complex
was obtained. The single crystal X-ray structure of [ZnL]BF4
complex is reported.
2. Experimental
2.1. Chemical and starting materials
2-Hydroxy-3-methoxybenzaldehyde, metal salt and solvents
were obtained from Aldrich and were used without further
purification.3. Synthesis
3.1. General synthesis of asymmetrical tripodal amine
3-Aminopropan-1-ol (1.50 g, 20 mmol) in dry EtOH (100 mL)
was added dropwise to a solution of pyridine-2-carbaldehyde
(2.14 g, 20 mmol) in dry EtOH (100 mL) over a period of 2 h
separately. The mixture was refluxed under stirring for 12 h.
Solid sodium borohydride (3.02 g, 80 mmol) was then added
slowly and the reaction mixture was stirred for a further 12 h
before it was filtered. The filtrate was reduced to 20 mL by
rotary evaporation. Water (50 mL) was added and thePlease cite this article in press as: M. Rezaeivala, Synthesis, characterization and cr
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combined extracts were dried over magnesium sulfate, filtered
and then taken to dryness by rotary evaporation. The resulting
brown oil 1.66 g, 10 mmol (starting with 3-aminopropan-1-ol)
77–86% was dissolved in acetonitrile (70 mL), solid K2CO3
(2.07 g, 15 mmol) added, and the mixture brought to reflux
before a solution of N-(4-bromobutyl)phthalimide (2.81 g,
10 mmol) was added dropwise in acetonitrile (70 mL). The
mixture was refluxed for 48 h and then filtered hot. The filtrate
was reduced to dryness by rotary evaporation. The brown oil
residue was boiled under reflux for 12 h in aqueous HCl
(25%, 100 mL) then evaporated to a small volume (ca.
25 mL) under vacuum and cooled in a refrigerator for several
hours. The resulting solid was filtered off and discarded, and
the filtrate evaporated to dryness under vacuum. Water
(50 mL) was added to the resulting brown residue and the
pH adjusted to 12 with sodium hydroxide before extracting
with chloroform (3  50 mL). The combined extract was dried
over magnesium sulfate, filtered and chloroform removed from
the filtrate by rotary evaporation to leave the product as
brown oil.
3.2. Synthesis of 3-((4-aminobutyl)(pyridin-2-ylmethyl)amino)
propan-1-ol
Yield: 1.73 g (73%). Anal. Calc. for C13H23N3O (MW:
237.18): C, 65.79; H, 9.77; N, 17.70. Found: 65.10; H, 9.45;
N, 17.20%. b.p: 180 C. IR (Nujol mull, cm1) 3360, 3288 m
(NH2), 1591 m (C‚N)py.
1H NMR (CDCl3, ppm) d= 1.32–
1.50 (m, 6H); 2.27–2.45 (m, 6H); 3.50 (s, 4H); 4.54 (s, 3H);
6.96–7.45 (m, 3H); 8.30 (s, 1H). 13C NMR (CDCl3, ppm)
d= 23.49; 28.60; 29.62; 40.28; 51.61; 53.24; 59.47; 60.71,
121.22; 122.36; 135.76; 148.03, 158.75.
3.3. Synthesis of the complex
A solution of 0.5 mmol of the appropriate amine in methanol
(30 ml) was added dropwise to a refluxing solution of [Zn
(BF4)2]. H2O (0.128 g, 0.5 mmol) and the corresponding alde-
hyde, 2-hydroxy-3-methoxy-benzaldehyde (0.08 g, 0.5 mmol)
in the same solvent (20 mL) (Fig. 2). After refluxing for 12 h,
the solution was concentrated in a rotary evaporator to ca.
5–10 mL. A small volume of diethyl ether was added slowly,
producing powdery precipitates. The powdery Zn(II) products
were filtered off, washed with cold diethyl ether and driedystal structure determination of a new Zn(II) Schiﬀ base complex derived from
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Figure 2 The template condensation between 2-hydroxy-3-methoxybenzaldehyde with the branched tetradentate amine
Table 1 Crystal data and structure refinement of the complex
Parameters 1
Empirical formula C21H28BF4N3O3Zn
Formula wt. 522.64
Temperature (K) 100(2)
Radiation source CuKa
Wavelength (A˚) 0.71073
Crystal system Triclinic
Space group P-1
a (A˚) 13.1290(2)
b (A˚) 18.3466(4)
c (A˚) 20.2907(4)
a () 78.5632(17)
b () 82.8197(15)
c () 70.3857(17)
U (A˚)3 2451.8(14)
Z 8
qcalc (g/cm
3) 1.542
l, mm1 1.542
F(000) 2160
Refl. collected 44,254
GOOF 1.058
Final R indices R1 = 0.0531
[I> 2r(I)] wR2 = 0.1012
R indices (all data) R1 = 0.0459 wR2 = 0.1012
Synthesis, characterization and crystal structure determination of a new Zn(II) Schiff base complex 3under vacuum. Crystalline or powdery compounds were
obtained by slow diffusion of diethyl ether vapor into a solu-
tion of these compounds in methanol or a mixture of methanol
and acetonitrile, as detailed below.
3.4. [ZnL]BF4
Yield (64%). Anal. Calc. for C21H28BF4N3O3Zn: C, 48.26; H,
5.40; N, 8.04. Found: C, 48.58; H, 5.79; N, 7.95%. IR (KBr
disk, cm1): 1620 t (C‚N)imi. Km (cm
2 X1mol1): 159. ESI-
MS (m/z, %): 434.1391 [ZnL]+, 869.2784 ([ZnL]2 + H)
+. 1H
NMR (400 MHz, solvent DMSO) 8.80 (d, 1H), 8.18 (s, 1H),
8.14 (d, 1H), 7.66 (td, 2H), 6.94 (d, 1H), 6.90 (d, 1H), 6.60
(d, 1H), 3.95 (s, 2H), 3.53 (s, 3H), 3.49 (m, 4H), 2.74 (b, 4H),
1.95 (b, 4H), 1.82 (s, 2H). 13C NMR (400 MHz, DMSO)
23.97, 26.02, 27.20, 53.47, 54.84, 54.91, 56.87, 57.66, 61.34,
113.83, 114.33, 118.13, 124.38, 124.48, 127.17, 141.29, 148.99,
151.66, 155.83, 159.92, 171.58.
4. Physical measurements
Infrared spectra were obtained between 4000 and 400 cm1 on
a Bruker Alpha FT-ATR IR spectrometer with a diamond
anvil Alpha-P module for all complexes. UV–Vis spectra were
recorded on a Jasco V550 spectrophotometer. ESI mass
spectra were recorded at the University of Otago on a Bruker
MicrOTOFQ spectrometer that the spectra were recorded
using a Kratos-MS-50T spectrometer. Standard microanalysis
for all complexes was carried out by a Perkin–Elmer, CHNS/O
elemental analyzer model 2400. 1H and 13C NMR spectra were
taken in CDCl3 on a Jeol 90 MHz and Bruker 400 MHz using
Si(CH3)4 as an internal standard.
4.1. X-ray crystal structure analysis
Crystals suitable for X-ray diffraction were obtained by a slow
diffusion of diethyl ether vapor into methanol/acetonitrile
solutions of the appropriate complex. Crystal data and struc-
ture refinement are given in Table 1. Measurements were made
on a Bruker SMART CCD area diffractometer. All data were
corrected for Lorentz and polarization effects. Empirical
absorption corrections were also applied for all the crystal
structures obtained [24]. Complex scattering factors were taken
from the program package SHELXTL [25]. The structuresPlease cite this article in press as: M. Rezaeivala, Synthesis, characterization and cry
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all non-hydrogen atoms. All the structures were refined on
F2 by a full-matrix least-squares procedure using anisotropic
displacement parameters for all non hydrogen atoms. The
hydrogen atoms were located in their calculated positions
and refined using a riding model. Molecular graphics were gen-
erated using ORTEP-3 [26]. The molecular structures with the
atomic numbering scheme and selected bond lengths, bond
angles and torsion angles are given in Fig. 2.
5. Results and discussion
A new asymmetrical amine, 3-((4-aminobutyl)(pyridin-2-ylme
thyl)amino)propan-1-ol was readily prepared starting from 3-
aminopropanol, pyridine-2-carbaldehyde and N-(4-bromobutyl)-
phthalimide in a 73% yield. The mononuclear Schiff base
complex, [ZnL]BF4 was prepared from condensation of the
appropriate aldehyde precursor, 2-hydroxy-3-methoxy-stal structure determination of a new Zn(II) Schiﬀ base complex derived from
methyl)amino)propan-1-ol and 2-hydroxy-3-methoxybenzaldehyde, Journal of
4 M. Rezaeivalabenzaldehyde and amine in the presence of the Zn(II)
metal ion.
The infrared spectrum of this complex shows a band, at ca.
1620 cm1, attributable to the imine groups, and no bands due
to m (C‚O) vibrations. Medium to strong bands at ca. 1596–
1612 and 1437–1462 cm1 are present in all cases, and
correspond to the two highest energy ring vibrations of the
coordinated pyridine. The complex was characterized by
elemental analyses, ESI-mass and IR spectroscopy.
Positive ion mass spectra for mononuclear complex shows
peaks related to fragments of the [ZnL]+ at 434.1391 m/z. This
indicates that the ligand coordinated to the metal center. Some
important mass peaks are given in Section 2. If the complex
was binuclear, the observation of peaks for fragments of
([ZnL]2 + H)
+ at about 869.278 m/z would be expected.
The electrolytic nature of the mononuclear metal complexes
can be predicted from the molar conductance values. The
molar conductivity value in MeCN for mononuclear Zn(II)
complex is in the literature range for a 1:1 electrolyte in MeCN
(120–160 X1 cm2 mol1) [27]. All of these values are consis-
tent with the BF4 group not being coordinated to the metal
ion, and the hydroxyl group not being deprotonated, in
CH3CN solution.
6. Crystal structures
6.1. Crystal structure of [ZnL]BF4
Crystals of [ZnL]BF4 adequate to be studied by X-ray diffrac-
tion were obtained by slow diffusion of diethyl ether into a
solution of the complex in acetonitrile. It crystallizes in the
monoclinic system, P-1 group. The molecular structure and
selected bond lengths and bond angles relating to the coordi-
nation environment of the metal are given in Fig. 3. The
X-ray crystal structure of [ZnL]BF4 consists of [ZnL]
+ cationFigure 3 View of the [ZnL](BF4): selected bond lengths (A˚) and
angles (): Zn(4)AN(10) 1.993(2); Zn(4)AN(11) 2.287(2);
Zn(4)AN(12) 2.067(2); Zn(4)AO(11) 2.029(18); Zn(4)AO(12)
2.045(2); N(10)AZn(4)AN(12) 132.07(9); N(11)AZn(4)AN(12)
78.25(9); N(11)AZn(4)AO(12) 85.68(8); N(10)AZn(4)AO(11)
93.39(8); N(11)AZn(4)AO(11) 164.82(8); N(10)AZn(4)AO(12)
114.05(9); N(12)AZn(4)AO(12) 113.72(9); N(12)AZn(4)AO(11)
90.29(8); N(10)AZn(4)AN(11) 101.66(9).
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pyramidal, involving three N-atoms and two O-atom
from 2-hydroxy-3-methoxybenzaldehyde and propanolamine.
According to the distance between hydroxyl group (2.039 A˚)
and Zn(II) ion, oxygen is coordinated to the central metal
atom. However, the central atom is five coordinated. The
average Zn-O bond length in this complex is 2.032 A˚ and it
is longer than a similar complex (1.807 A˚) [23] and the Zn-N
bond lengths vary from 1.994 to 2.048 A˚, with an average
Zn-N bond distance of 2.027 A˚. The Zn-N imine (1.994 A˚)
bonds are the shortest of all Zn-N bonds. The Zn(II) ion
displays a distorted square pyramidal coordination, involving
three N atoms and two O atoms.
7. Conclusion
In summary, we report the successful synthesis of mononuclear
Zn(II) metal ion by the condensation of amine with 2-hydroxy-
3-methoxybenzaldehyde in the presence of Zn(II) metal ion.
The amine and Zn complex were characterized by a variety
of spectroscopic methods. The crystal structure of [ZnL]BF4
was determined and indicated that in the solid state the com-
plex adopted a distorted square pyramidal geometry.
Appendix A. Supplementary data
CCDC 1402508 contains the supplementary crystallographic
data for [ZnL]BF4. These data can be obtained free of charge
via http://www.ccdc.cam.ac.uk/conts/ retrieving.html, or from
the Cambridge Crystallographic Data Centre, 12 Union Road,
Cambridge CB2 1EZ, UK; fax: (+44) 1223-336-033; or e-mail:
deposit@ccdc.cam.ac.uk.References
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